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ABSTRACT
To identify the sites with elevated metal concentrations and factors impacting the
concentrations, we studied 128 observations on heavy metals collected from the four inch deep
sediments in Louisiana lakes and rivers. Use of Fe as a normalizing factor to interpret the site of
metal enrichment was justified based on its high correlation with other heavy metals. The
regression coefficients of metal/Fe came out to be significant for all the metals in both level and
log versions. For the metals, where predictio n exceeded upper 95% confidence interval, we
mapped the site with factors such as number of industries located within a five mile radius,
distance to major roadways, and road length within one mile. GIS maps were developed for
major sites where the selected metals (Cd, Cr, Cu, Ni, Pb, Zn) exceeded 95% upper confidence
interval. In addition to that, multiple regression models were developed. The dependent variable
is regressed to land use (six categories), sediment texture, pH, population density, income,
industry concentration, road length within one mile distance, and organic matter content with the
objective of pointing out the variables significant in causing the elevated metal concentration.
Though in many of the metal enriched areas texture of the sediment was fine grained silt clay
loam, the relationship did not come out to be significant in regression models. Cu concentration
is negatively significant with water as a landuse type. Cd, Cr, Cu, Ni, and Zn are significant ly
related to number of industries. Relationship of Cr and Ni to organic matter and per capita
income is significant. Results confirmed the many findings in literature such as the positive
correlation of metal concentrations to organic matter, sediment texture, industries and particular
landuse type. The findings from this study shed light on interpretation of heavy metal enrichment
sites and various anthropogenic as well as natural factors impacting the metal concentration in
sediments.

vii

CHAPTER ONE: INTRODUCTION
As all heavy metals are a part of earth’s crust, they occur naturally. Water bodies receive
these metals from natural and anthropogenic sources. Metals such as Chromium (Cr), Copper
(Cu), Iron (Fe), Zinc (Zn), Cobalt (Co), and Manganese (Mg) are needed in small quantities by
living beings. Other metals such as Cadmium (Cd), Mercury (Hg), and Lead (Pb) are not needed
in any amount. The concentration of metals in sediments depends on types of soils or rocks
present along the watershed. Some of these metals are found in aquatic systems in concentrations
which are toxic to the organisms. This excessive discharge is usually associated with emissions
from human activities. While the proportion of anthropogenic or natural sources for these metals
are different in different regions, a better strategy may exist in the identification of both sources
and components within each source, causing heavy metals discharge in water resources. Along
with discharge from industrial sources, high concentrations of heavy metals are also present in
urban runoff (EPA, 2005). EPA’s 1998 list of priority pollutants of 53 chemicals included metals
such as Cd, Cr, Cu, Hg, Ni, Pb, and Zn. These are among the chemicals more likely to be found
in hazardous waste regulated by Resource Conservation and Recovery Act (RCRA). The
contamination of sediments, water resources and soil by these metals is a major concern in the
U.S. because of their toxicity, persistence and non-degradable nature. This study included six
heavy metals from the list. Hg is not included in this study as it is recovered by a completely
different analytical method due to its differing behavior from other metals.
1.1. Importance of Studying Sediments
After the Industrial Revolution, point sources from mining, municipalities, industries and
non-point sources from both agriculture and urban stormwater runoff have accumulated in water
resources, settling to the bottom areas of waterbodies. Contaminated sediments pose a risk to the
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environment in two basic mechanisms: (1) ecological risk to aquatic and piscivorous animals and
(2) toxic risks on terrestrial habitat when contaminated area is dredged and placed on land (Khan
et al., 2000). Research on sediment pollution started in the U.S. with the Great Lake system. The
Water Resource Development Act was passed by Congress in 1992 which required the EPA,
NOAA and Army Corp of Engineers to conduct a national survey of sediment quality in the
United States. Quantification of heavy metal concentration alone, however, does not provide
adequate information for predicting the potential adverse effects and bioavailability of the agent
to aquatic organisms. More studies on toxicity and bioaccumulation areas will be able to explain
the toxic effect associated with the concerned metals (Burton et al., 1994).
1.2. Importance of Study in Louisiana
Cultural and economic life in Louisiana is centered on abundant water resources present
throughout the state. Tourism, fisheries and chemical industries in Louisiana are dependent on
these water resources. Significant amounts of the total commercial seafood catch in the Gulf of
Mexico come from South Louisiana (Chesney et al., 2000). Louisiana’s marshes are still
considered the largest fur producing area in North America. Recreational and commercial fishing
and the wildlife in the swamp and marshes are important economic sources to the state.
With such a high dependency on water, the introduction of a pollutant into the ecosystem
deteriorates the water quality, introducing the risk of hazardous waters being rendered unsuitable
for its designated use. Rapid urbanization, agricultural and industrial practices have reduced the
quality of water (Vazquez et al., 2003). In addition, land use patterns in recent years have
significantly altered the heavy metal concentration in lake sediments.
Urban stormwater levels of Zn, Cu, Cd, Pb, Cr, and Ni are significantly above ambient
background levels and often exceed EPA’s surface water discharge criteria (Sansalone et al., 1997).
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Urbanization increases impervious surface areas such as parking lots, sidewalks and streets with
more construction activities resulting in little or no infiltration of stormwater in once-porous
surfaces. Over 80% of Louisiana’s transportation infrastructure of urban areas, inter-urban corridors
are elevated, resulting in direct discharge of stormwater into waterways ((Sansalone et al., 1997).
Though overall land covered by urban growth remains small (2% of earth’s land surface) its
ecological impact is significant.
Agriculture activity in Louisiana is related to crop and animal production (LA DEQ, 2006).
In farming, fertilizers and pesticides are used to achieve high production, as agriculture is important
for the state’s economy. Toxic concentrations of heavy metals in agricultural soils can occur
naturally, via atmospheric deposition or by the application of metal-contaminated sewage sludges,
fertilizers, and animal manures (Alloway et al., 1999). Animal production (especially feedlots)
generates huge amounts of organic matter and nutrients (Keller et al., 2001).
Silviculture can significantly pollute environments when poor management practices are
followed. Waterbodies receive fire-retardant chemicals, wood waste pesticides, herbicides and
fertilizers from forest areas (LA DEQ, 2006). Pollution activity can also be related to factors such as
population, income and education. Population estimates of rural Louisiana in 2004 were 1,127,750
with nearly tripled urban population numbers at 3,388,020. As urban areas are more populated, we
can expect more traffic and other human-related pollution activities. Research shows that more
pollution occurs in areas of high population density (Paul et al., 2001). It is also likely that increased
pressure from the population results in a reduction of pollution due to the rise in awareness
pertaining to pollution, thereby putting pressure on industries to reduce pollution (Paudel et al.,
2005). Initially, pollution is associated with increased income, eventually declining after income
level has reached a certain level.
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Non-anthropogenic factors taken into consideration in this study which are likely to impact metal
concentration in sediments are: pH, texture of sediment, and organic matter content. Usually, a pH
level above six, tends to show more metals adsorbed into sediment than a lower pH. Fine- grained
clay particles with more surface area contained more metals than coarse- grained sand (Horowitz et
al., 1987). Sediments containing high levels of organic matter are likely to contain higher
concentration of heavy metals as compared to sediments lacking organic matter.
1.3. Previous Studies on Normalization
A variety of normalizing techniques have been used to account for both natural
mineralogical variations as well as provide baseline relationships to detect metal enrichment. The
various normalizers include grain size (Ackerman et al., 1983), total organic carbon (Windom et
al., 1989), and elements such as iron (Trefry et al., 1985; Daskalakis and O'Connor, 1995),
aluminum (Hanson et al., 1993; Schropp et al., 1990), and lithium (Loring, 1990).
Sediments from the Gulf of Mexico were studied from 497 sites using Al as a
normalizing metal to interpret sites of metal enrichment (Summers et al., 1996). A strong
correlation of Al with Cr, Cu, Pb, Ni and Zn and a moderate correlation of Al with Hg and Cd
was observed. About 39% of sites were affected by urban landuse and landcover such as
population centers, industrial facilities and military bases. The share of agriculture in estuary
pollution is significant, indicating that nonpoint source pollution might be a culprit for increased
metal concentration in the Gulf of Mexico’s estuaries.
Heavy metal contamination of sediments is an increasing problem as urbanization
extends to the outskirts of a town (Schropp et al., 1990). Comparing data from the Miami River
and the Biscayne Bay to the natural estuarine sediments, it was found that normalization of metal
concentrations to a reference element, such as aluminum, appears to be a promising method for
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interpreting metal enrichment sites. Covelli and Fontolan (1997) also used Al as a normalizing
metal to understand the regional variability of geochemical parameters in the Gulf of Trieste.
The objective of this study was to understand the diffusion and dispersion anomaly of pollutants
inside the monitored area.
In a study of heavy metal data from estuarine and coastal sediments of Malaysia, Al was
highly correlated with (r2 = 0.86 to 0.93) Cr, Fe, Zn, Cu, and Pb and positively correlated with
Cd, As, and Sn (Din, 1995). This study concluded that for most cases, Al can be used to
normalize granular variability in trace metal analyses of the sediments.
Another normalizing factor to interpret metal enrichment, using grain size instead of Al,
was done in the previous two studies listed here (Grant and Middleton, 1998). The sediments
studied were taken from the Humber Estuary, United Kingdom. Results from least square
regression and least absolute values regression comparison indicated that the latter method may
be a successful alternative for a normalization study using soil texture.
Coakley et al. (1993) used Fe as a normalizing metal in studying sediments from the
upper estuary of the St. Lawrence. Concentration of metals was found to be highly variable in
relation to depth due to a varying relationship with sediment grain size. Normalization of the
studied metals with iron showed uniform trends in concentrations of heavy metals.
Both Copper and Zinc mining and smelting complexes impact both the water table and
sediment contamination (Campbell et al., 1985). It was found that Cu gets in plants through
sediment while Zn goes through the water table. Readily extractable Cu concentration in
sediment indicated the bioavailability of the metal to the aquatic organisms. Normalization of Cu
and Zn with Fe content of sediments showed that Fe has some impact on regulation of Cu’s
bioavailability.
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Fe used as a normalizing factor to identify metal-enriched sites demonstrates that some
industrial activities (i.e. mining, harbor and chlor-alkali operations) notably affect the heavy
metal concentrations in the sediments (Celo et al., 1998). Mucha et al. (2003) used the Fe
normalization approach to study the natural characteristics of sediments in the lower Douro
estuary, Portugal. They found that in an area with heavy pressure from urban land usage, there is
a high contamination of Zn, Cu, Pb and Cr, resulting in varying disturbances in the macrobenthic
community structure.
1.4. Previous Studies on Effect of Landuse on Heavy Metal Concentrations
Land use types and clay content of sediments determine the concentration of heavy
metals (Liebens, 2001). Sediments and metal contamination from stormwater retention ponds,
roadside swales and street sweeping were studied due to the concern pertaining to the sediments
containing heavy metal, as well as their disposal and usability in the environment. The study
shows that the particle size distribution of the sediments relies on differential erosion processes
of natural soils, land use, as well as technical limitations of street sweepers.
Pouyat and McDonnell (1991) sampled twelve composite soils and forest floors from
rural- urban gradients to find the factors affecting the level of Cu, Ni and Pb concentrations. Lead
concentrations were found to be four times higher -- Cu and Ni were twice as high in the urban
ends of the forest soils as compared to the rural ends. Although urban landuse is considered to be
the primary factor in elevated levels of heavy metals, the authors concluded that the results were
not conclusive in pointing out the deposition along the gradient.
Romkens and Salomons (1998) assessed the impact of both landuse and soil textures on
Cd, Zn and Cu based on samples collected from the major landuse/landcover pattern of Dutch
forests and aerable soils drawn from six different depths. Metal content in agricultural soil is
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found to be higher than the forest soil. A multiple regression model was constructed with pH and
cation exchange capacity (CEC) as independent variables explaining most of the measured
variation in heavy metal toxicity.
Urban landcover/landuse patterns cause alteration in water quality and ecological
characteristics of stream health (Paul and Meyer, 2001). An increase in the construction of
impervious surfaces, along with municipal and industrial discharges, causes increased loading of
heavy metals and other contaminants into nearby waterbodies. Ecosystem processes are greatly
affected by urbanization as observed by reduced diversity of aquatic species in urban streams.
According to the authors, urbanization is second only to agriculture in causing stream
impairment in the U.S. and Europe. Urbanization also alters sediment texture due to alteration in
sediment supply and change in velocity of the runoff. Non-point sources of metals in urban
watersheds are zinc tires, metal alloys used for engine parts containing Ni, Cr, Cu and Mn along
with other agents. These metals accumulate on parking lots as well as congested areas of traffic.
Waterbodies located in urban areas receive more metals from non-point sources as compared to
point source discharges.
Keller et al. (2001) developed a stochastic empirical model called PROTERRA-S
which estimates levels of heavy metals and phosphorus deposits in agricultural soil as a result of
agricultural and livestock-based landuse patterns. Animal husbandry management systems are
more likely to add more Cd, P and Zn in soil as compared to cultivated-crop landuse patterns.
Using a prudent Phosphorus fertilization practice, one can reduce overall heavy metal
contamination in soils and develop sustainable land management practices.
When top soil was analyzed for heavy metal content, it was found that metals occur in
high concentrations in developed areas as compared to open space (Kelley and Thompson,
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1996). Lead concentration is high in areas close to highways and old neighborhoods whereas Zn
concentration is high in areas where industrial activities are concentrated.
1.5. Previous Studies on Heavy Metals in Louisiana
Heavy metals are among the most frequently reported contaminants found in sediments in
Louisiana studies. A study of heavy metals in the Gulfcoast region was carried by Pardue et al.
(1988) primarily in areas of oil exploration, refining and petrochemical industries. Normalization
methods using Fe and Al were employed to compare the sites of metal deposition. Negative
correlation was observed at areas with industrial activities and population centers, such as
Atchafalaya Bay, due to a higher sedimentation rate diluting the metal concentration in this
region. They concluded that sedimentation in the Gulfcoast may serve as a sink for toxic metals
which could be remobilized by other factors. Loss of the buffering wetland at this area is likely
to increase the concentration of metal in fisheries.
A study conducted by Catallo et al. (1995) on sediment cores deposited from 1950-1991
did not show any statistically significant differences pertaining to the annual loading of heavy
metal in urban areas versus rural areas. Sediments deposited between 1955-1980 exhibited some
mutagenic activity. This time period was dominated by widespread industrial and agricultural
activities in Louisiana. The sites studied were rural Larto Lake (Catahoula Parish) and Lac Des
Allemands in the Barataria Basin (referred to as an industrial corridor). Uncontrolled point
source discharge of contaminants from industries, in addition to non-point runoff from
agricultural practices, was more than likely the cause of observed mutations on lab-tested
animals.
In a study by Powell and Alexander (2003) in the Barataria Bay, highly variable
Aluminum concentrations in sediments from Barataria Bay and Bay Des Illetes showed diverse
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sources for the sediment input. If all the sediments were deposited and not-reworked, Al/Fe ratio
in these sediments would be closer to the crustal ratio. One of the factors causing alteration in a
ratio of Al/Fe could possibly be redox processes releasing Fe into the Bays. Sediment samples
with differing sedimentation rates, types and waterways uses were analyzed to discover the
impact of anthropogenic factors on heavy metal concentration. The authors discovered that a site
located near to a petroleum production area with highly-produced water had high organic carbon
content as well as elevated metal concentrations. Areas highly utilized for recreational and
commercial boats had high concentrations of Zn and Cr. In their study, organic matter contents
did not affect the metal concentration.
Pardue et al. (1992) conducted regression analysis on data collected from coastal
Louisiana sediments to identify the sites of metal contamination. Sediment composition is
difficult to determine in Louisiana since samples are taken from wide geographic regions.
Differing geographic and climatic conditions alter the metal concentration in these areas.
Difference in grain size with variable concentration of clay, Fe, Mn oxides and organic matter
can also contribute to a problem in estimating anthropogenic effects on contamination. The
authors studied the relationship of Aluminum to Lead, Cadmium, and Chromium. A strong
relationship between Aluminum and Lead was observed, as well as between Aluminum and
Cadmium. Statistically significant relationships were also observed between Al and Cr (r2 =
0.45). On the regression relationship, data from potentially uncontaminated areas fell within the
95% prediction limit, while the data from the potentially contaminated sites, Bayou Trepagnier
and a lake from Baton Rouge fell outside the 95% prediction limit.
Beck et al. (1990) studied sediment deposits on the Calcasieu River and lake complex for
heavy metal concentrations, extent of source inputs and transports compared with the
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background concentration. This site is specific for navigation, fisheries and petrochemical
industries. Results indicated that sediments studied near industrial waste and sewage discharge
units exhibited greater concentration of metals. Though overall concentrations of heavy metals
are increased in river sediments as compared with the background level, it is more concentrated
in regions near a discharge point.
Heavy metal studies conducted to reconstruct historical inputs and efficacy of differing
environmental policies at Mississippi River delta, including nearby areas, show that many factors
(i.e grain size, mineralogy, concentration of organic carbon, Al, Fe, and Mn) play a role in the
concentration of heavy metals in sediments (Santschi et al., 2001). Metal deposition is compared
with the period of usage, indicating a 37 ppm increase in Lead concentration in the Mississippi
River delta in early 70s; later showing decreasing trends in late 80s. Cu concentration remained
constant because Cu concentration was not as elevated as Pb concentration in 70s which was
mainly due to use of leaded gasoline. After the implementation of regulatory acts, contaminants
have shown a decreasing trend in sediment accumulations as compared to the twenty year
timeframe from 1950-70s. However, non-point sources may still pose a significant threat.
Fleeger et al. (2003) conducted a study similar to meta-analysis to understand the changes
occurring in an ecosystem as a result of contaminants, such as hydrocarbons, heavy metals and
pesticides, being released. Their source is a review of 150 papers related to an indirect effect of
contaminants in aquatic systems. The study found that pelagic and benthic communities are affected by
chronic contamination, experimental manipulations or accidental releases. Long-term exposure to
toxicants caused an adverse impact on tropic cascades and resulted in a negative impact on communities.
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1.6. Sediments Related Regulations
Significant ecological impacts such as the impairment of the health and reproductive structure of
aquatic animals occur at the contaminated sediment sites. Potential human health impact
emanates from the fact that fish harvested from contaminated sediment areas can be harmful.
The most important law controlling sediments contamination is the Clean Water Act. The
U.S. Environmental Protection Agency (EPA) has developed a National Sediment Inventory on
contaminated sediment sites, evaluating more than 21,000 sampling stations nationwide. Of these
sites, 5,521 are classified as tier 1 (probable adverse effects associated), 10,401 stations
classified as tier 2 (adverse effects are possible, but expected infrequently) and 5,174 stations
classified as tier 3 (no indication of associated adverse effects). Although the environmental risk
associated from the sediments is lower, the extent of the problem is more in the cost of
remediation (EPA, 1998).
Statutes dealing with sediments quality assessment (Source: Aquatic Pollution, Gary M.Rand,
second edition, 2003) are:
CWA:

Clean Water Act
NPDES permitting especially under best available technology
§

Section 403(c) for ocean discharges, mandatory additional requirement to
protect marine environment.

FIFRA:

§

Section 301(g) waivers for POTWs.

§

Section 404 permit for dredge and fill activities.

Federal Insecticide, Fungicide and Rodenticide Act
Review uses of new and existing chemicals.
Pesticide labeling and registration.
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MPRSA:

Marine Protection, Research, and Sanctuarie s Act
Permits for ocean dumping.

NEPA:

National Environmental Policy Act
Preparation of environmental impact statements for projects with surface water
discharge.

TSCA:

RCRA:

Toxic Substances Control Act
•

Section 5: Pre manufacture notice reviews.

•

Section 6: Review of existing chemicals.

Resource Conservation and Recovery Act
Assess suitability and permit on land disposal or beneficial use of contaminated
sediments considered ‘hazardous’

These are the command and control methods. Market based instruments (MBI) such as
tax, quota, and marketable permits can also be used, although it has not been used directly in
practice when regulating sediments.
1.7. Objectives of the Research
1. Identify Spatial distribution of heavy metal concentration in Louisiana sediments,
2. Interpret site of metal enrichment by normalizing metal concentration to Iron,
3. Identify characteristics of locations exceeding 95% confidence limit in a regression
model with Iron,
4. Identify variables affecting heavy metal concentration using a multiple regression model,
and
5. Compare the results to USGS sediment quality criteria.
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Spatial distributions of heavy metals in different lake sediments in Louisiana are studied by
distinguishing baseline vs. enriched concentration. Samples were taken from a wide range of
lake sizes and rivers located in different river basins.
To track the source of pollution, landuse activity in the catchment area was also studied.
Special emphasis was given on roads located within one mile and industries located within five
miles of sample location sites. Roadways are chosen as an example of a non-point source and
industries as an example of point source pollution. Population density and per capita income are
also studied as these factors are likely to alter heavy metal concentration in a given area.
1.8. Statewide Coverage of Lake Sediments from Different River Basins
As the samples are taken from different parts of Louisiana, differences in soil
composition, landuse types, and climatic factors all present differences in the concentration of
heavy metals in different regions. Louisiana DEQ has started a watershed protection program to
get a better understanding of the extent and source of pollution to waterbodies so that new
programs can be implemented for both reduction and elimination of the source. Increased
understanding of the impact of anthropogenic activities on the environment in a given watershed
can promote conservation activities. As a result, this study classifies sample location sites,
according to river basins, so that it can serve as a basis for the understanding of anthropogenic
effects along with other factors which impact the metal concentration ultimately helping in
conservation and planning issues.
A variable number of samples have been taken from 45 paris hes located within 11 river
basins across the state. In the following paragraphs, we describe the river basins in Louisiana as
well as the major activities contributing to pollution in the region as obtained from Louisiana
Department of Environmental Quality information.
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1.8.1 Atchafalaya River Basin
The Atchafalaya River Basin is located in the south central part of Louisiana. The
Atchafalaya River is a distributary of the Mississippi River, carrying about 30 percent of the
Mississippi's flow. Ecologically, the basin has four sections. In the north, forest and farmlands
dominate the basin. The middle section is characterized by a cypress-tupelo swamp while in the
south fresh water marshes dominate the area. Nine samples have been taken from this basin.
Sample sites have recent alluvial soil types .This soil material has been deposited by rivers and
contains gravel, sand, silt and clay rich in organic matter which makes the soil fertile. Landuse
activities in the watershed surrounding the sample sites are fo rests, water and wetlands. Number
of industries range from 0-1 within five mile of sample location site. Average distance to major
roadways is 3.8 miles. Louisiana DEQ 305 (b) report indicates that major cause of water quality
impairment in this region in the past is due to industrial point sources, agricultural runoff,
petroleum activities, waste storage tank leaks, land development and flow alteration of water
bodies (Louisiana DEQ, 1998).
1.8.2 Barataria Basin
The Barataria Basin lies in the eastern coastal region of the state. This basin is bounded
on the east and north by the Mississippi River, on the west by Bayou Lafourche and on the south
by the Gulf of Mexico. The land level is comparatively low ranging from minus two feet to four
feet above sea le vel. Five samples were taken from this region: three samples were drawn from
water, one from wetland and one from agricultural land located close to Bayou Lafourche near
Lockport. The landuse types surrounding the sample sites are agriculture, forestry, and wetland.
The ecoregion in other sampling site is gulf coast marsh, while in Bayou Lafourche near
Lockport it is recent alluvium. Gulf coast marsh consists of marsh vegetation and is used for
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wildlife habitat. Sediment textures vary from silt loam to very fine, silt clay loam. Number of
industries within five miles ranges from one to seven with the highest number being near Bayou
Lafourche near Lockport. Distance to a major roadway ranges from 0.01 mile to 2.5 miles. Road
length within one mile ranges from 0 to 5.5 miles. Major sources of water quality impairment in
this region are industrial point sources, flow regulation and modification, agricultural/urban
runoff, petroleum and recreational activities.
1.8.3 Calcasieu River Basin
The Calcasieu River Basin is located in southwestern Louisiana with the drainage area of
the basin consisting of 3,900 square miles (DEQ, 1998). The basin is composed of hills and
prairies in the north, and coastal wetlands along the lower portion. Six samples were studied
from this basin. The surrounding land consists of wetland and water. Sediment texture is
relatively coarse ranging from sand to silt loam. Ecoregion consists of coastal prairies, gulf coast
marsh and upland and terraces. Number of industries ranges from one to twelve with the highest
number being near the Calcasieu River near Moss Bluff. Distance to major roadways ranges
from 0.05 mile to 0.8 miles. Major cause of water impairment according to a Louisiana DEQ
report, is industrial point source, agriculture, silviculture, urban and agricultural runoff, and
upstream sources. The southern portion of the Calcasieu River is also contaminated with
petrochemical products (Redmond et al., 1996).
1.8.4 Mermentau River Basin
This basin is located in the southwest part of Louisiana with Calcasieu River Basin on the
west and the Gulf of Mexico on the south with draining area of approximately 3,710 square
miles. The upper portion of the basin consists of hills, and the lower portion consists mainly of
wetlands. Fourteen samples are studied from this area. Landuse patterns of the samples collected
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were forest (1), agriculture (3), wetland (4) and water (6). The sampling ecoregions are coastal
prairies, Gulf coast marsh and Loess uplands and terraces. Sediment texture ranges from sand to
fine grain silt clay loam. Industry numbers within a five mile distance from a sample site range
from zero to nine. Distance to major roadway ranges from 0.3 to 9 miles. In the upper part of the
basin, which is mainly a soybean and rice productio n area, sediment discharge from cropland is
the major source of pollution. Copper and lead concentrations were elevated in the Mermentau
River according to a non-point report from the Louisiana Department of Environmental Quality.
Other causes of water impairment are industrial point source, agriculture runoff, silviculture,
flow modification, and petrochemical industries.
1.8.5 Ouachita River Basin
The Ouachita River Basin is bounded by the Arkansas-Louisiana state line on the north
and Red River basin on the west and south. Major area of the basin contains fertile alluvial soil
used for cotton, soybean rice, and corn production. As significant area in this basin is covered by
forest, so a silviculture activity is common in this region. Thirty samples have been taken from
this basin. Landuse and landcover associated with sample sites are agricultural (7), barren (1),
forest (7), water (8) and wetland (7). Sediment texture ranges from sand to fine, textured silt
clay. Majority of sampling sites are located in recent alluvial ecoregion while some areas are in
upland and terraces. Number of industries ranges from zero to nine within a five mile distance
from sample sites. Distance to major roadway ranges from 0.07 to 7 miles from the sample sites.
Major cause of water quality impairment is attributed to agricultural pasturelands, crop
production, urban runoff, industrial point source, and petroleum activities.
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1.8.6 Pearl River Basin
Located in the eastern part of the state, it is bounded by Mississippi state in the north east and the
Lake Ponchartrain in the southwest. This basin drains about 7,800 square miles. Majority of land
use in this region is forested. Agricultural products are soybean and poultry as a major
component. The three sampling sites are located on wetland (1), barren (1) and forest land (1).
The ecoregions are flatwoods, uplands and terraces. Texture of sediment is loamy sand and silt
loam. Number of industries range from zero to four within five mile of sample location. Distance
to major roadways is 0.06 to 1.5 miles. Suspected source of water quality problem in this region
include sewage system, industrial point source, urban and agricultural runoff, silviculture, and
surface mining.
1.8.7 Pontchartrain Basin
The Lake Pontchartrain Basin is located in southeastern part of the state. The northern
part of the basin is covered by forest. The southern region contains swamps and marshes. The
most rapidly eroding wetland of Louisiana lies in the southeastern part of this basin. Land level
ranges from minus five (-5) feet near New Orleans to over two hundred feet near the Mississippi
border. Land use pattern within Jefferson and Orleans Parish are more populated urban areas.
Nineteen samples are taken from this site with surrounding landuse type being forest (6), urban
(4), wetland (6), water (2) and barren (1). The ecoregions are flatwoods, gulf coast and marsh,
loess uplands and terraces, and recent alluvium. Sediment texture varies from coarse sand to fine,
grained silt clay. Number of industries within five miles range s from 1 to 25, with the greatest
number being on the Amite River site near Baton Rouge. Cause of water impairment is industrial
point source, pastureland, urban runoff, petroleum and recreational activities.
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1.8.8 Red River Basin
This basin is located in northwest region, extends downward to the center. It is bounded
on east by Ouachita and on the south west by Sabine, Calcasieu, and Vermillion-Teche river
basins. Fifteen samples were taken from this site. The landuse types surround ing the sample
location sites are water (7), wetland (6), forest (1) and agriculture (1). The ecoregions of sample
collection sites are recent alluvium, and uplands and terraces. Number of industries ranges from
0 to 21 with the highest number being present at Lake Buhlow. Distance to major roadway
ranges from 0.1 mile to 4 miles in Saline Bayou Catahoula Parish. The major causes of water
impairment are industrial point sources, petroleum, silviculture, landuse development, urban
runoff and recreational activities.
1.8.9 Sabine River Basin
The Sabine River Basin located on the Louisiana- Texas border, covers 2,900 square
miles of drainage area within Louisiana. It is bound on the east by the Red River and Calcasieu
River Basins. Seven samples were taken from this basin. Samples were taken from barren land
(1), wetland (1), forest (1), and water (4). The ecological regions of sampling sites are gulf coast
marsh, and upland and terraces. According to the LDEQ NPS assessment of 1998, the major land
use patterns in the Sabine River basin were forest, pastureland, wetland and water. Other sources
discharging contaminants in this watershed area are oil refining and processing, agricultural and
urban stormwater runoff.
1.8.10 Terrebonne Basin
Located on the south eastern part of Louisiana, this basin has almost 729,000 acres of the
wetlands. Together with the Barataria Basin, one million acres are used for urban and
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agricultural purposes with sugarcane as the main crop. Land loss is a major problem in this
region. Eight samples were taken from this site. Major landuse activity around sampling sites
were forest (2), water (4) and wetland (2). The major ecological regions are gulf coast marsh,
recent alluvium, and water. Sediment texture is mainly silt loam. Number of industries ranges
from 3 to 18 with the highest number being in the sample site at Orange Grove oil canal.
Distance to major roadways range from 0.07 in Bayou Grosse Tete to 8 miles in Lake Penchant.
Major causes of water impairment in this region are industrial point source, agricultural and
urban runoff, petroleum and recreational activities.
1.8.11 Vermillion-Teche River Basin
This basin located in the south-central part of Louisiana. The Vermilion- Teche Basin
drainage area covers about 4,047 square miles. Land is occupied with forests in the northwest
region and agriculture with soybean, corn, rice and sugar cane production. There were 10
samples taken from this basin in this study. The surrounding land use types for sample collection
are urban (4), water (3), wetland (2) with one sample from agricultural land. Ecological sampling
sites are gulf coast marsh, recent alluvium and loess upland and terraces. Majority of samples
contained fine-grained, silt, clay loam. Number of industries range from 0 to 44 with the highest
number being at the sample site in Vermillion River near Lafayette. Distance to major roadway
ranges from 0.05 miles to 5 miles. Major cause of water quality impairment in this region is
agricultural and urban runoff, as well as industrial point source and petroleum activities.
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Figure 1: Sample Location Sites in Relationship to Louisiana River Basins
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CHAPTER TWO : DATA AND METHODS
2.1. Heavy Metal Data
Samples were taken from four- inches deep sediments from wide range of lakes and rivers
in the year 2002. The dataset in this study encompassed 45 out of 64 parishes across
Louisiana with different climatic condition, landuse activities and soil composition.
2.1.1 Nitric Acid Digestion
The sediment material was dried for 24 hours at 105 ºC, then ground to break up any aggregates.
About 0.75 g of dry sediment was placed into an approximately 75 ml glass digestion tube and
digested with 5 ml of concentrated trace metal grade nitric acid. The acid plus extracted solids
were diluted to 50 ml with deionized water and the mixture shaken vigorously and allowed to settle
at least 14 hrs until there was a clear supernatant.
2.1.2 Heavy Metal Analysis by ICP
The solution was introduced to the instrument dispersed in an argon gas stream using a
nebuliser and converted to aerosol. Once the aerosol is introduced into ICP torch, it is
completely desolvated and the elements in the aerosol are converted to gaseous atom and
then ionized. Plasma core with sample ions is then introduced into a region of reduced
pressure through small orifices. An electrostatic lenses system extracts the positively charged
ions and transports them to a quadrupole mass filter. A quadrupole mass filter allows only
ions with a selected mass-to-charge ratio to pass to a detector for counting. The detector
translates the number of ions striking into an electrical signal which is then measured.
.
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2.1.3 Final Dataset
Final dataset used in this study consisted of 128 observations. Excessively high concentrations
of iron were detected in some samples which are not included in the study due to analytical issues.
Concentrations of metals is measured in parts per million (ppm). The dataset provided information
on organic matter content, pH, sediment texture, in addition to the concentration of heavy metals.
2.2. Statistical Analysis
SAS version 9.1 was used for all the statistical analyses. The program written for the
analyses is shown in Appendix A. Few heavy metals had concentration below detection
limits which were converted into a zero value for analysis purpose. For example, three heavy
metals (Cd, Cu and Zn) were found to have concentrations below a detection limit. For log
transformation, these zero data points of these dataset values were changed to 0.0001 for
mathematical reasons of analysis.
2.2.1 Correlation between Metals
The linear relationship between two metals was calculated using the Correlation Coefficient
criterion. Pearson’s Correlation Coefficient (r- square) value closer to 1 indicates strong linear
relationship between Fe and other heavy metals. The Correlation Coefficient provides information
on strength of linear relationship, but does not state whether it is significant or merely occurred by
chance.
2.2.2 Regression Analysis with Iron
Regression analysis was performed to identify the relationship between the dependent
variable and a set of independent variables. Metal/Fe was regressed with and without a log
transformation. Metal/Fe regression was used as a basis for calculating the predicted values
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with 95% confidence interval and mapping the areas where the metal/Fe value lies outside
the prediction limit. The regression equation can be represented as:

H i = α 0 + α 1 Fe i + ε i
Where Hi is a heavy metal concentration or a dependent variable, a0 is the intercept, and a1 is the
regression coefficient for the independent variable Fe in the above equation. Regression coefficient
quantifies the extent to which the independent variable is changed to cause an impact on the
dependent variable. Least square regression analysis was used to fit the regression lines to the
dataset. The width of the prediction limit in the graph varies depending upon the magnitude of
correlation between the regressed metals and iron.
2.2.3 Multiple Regression Analysis
Multiple regression runs were used to quantify variables impacting the metal
concentration which may add more insight to the research in addition to studying the
surrounding landuse activities. Accordingly, heavy metal concentration is regressed to
variable factors such as organic matter content in sediment, sediment texture, pH,
surrounding land use types (six categories of land), income, population density, and location
of industries in a given parish, and road length within one mile of sample location. The
regression model can be specified as:

H i = α 0 + α 1 * M + α 2 * D2 + α 3 * D3 + α 4 * D4 + α 5 * D5 + α 6 * D6 + α 7 * I + α 8 * Y
+ α 9 * Pop + α 10 * L + α 11 * C + α 12 * R + α 13 * pH + ε i
The dependent variable in the study is the heavy metal concentration on the left indicated
by Hi. The independent variables which are likely to impact the metal concentrations are on
the right side of an equal sign. In the above equation, Here, H is the concentration of heavy
metal in a given location, M is the organic matter content in the soil sediment from where
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sample is taken, Di is a binary variable that shows land use type in a given location, I is
number of industries in a given parish, Y is income, P population density in a given parish
where sample is taken, L is a binary variable with a value equal to one if sediment texture is
loamy, and C is a binary variable with a value equal to one if the sediment’s texture is clay, R
is the distance to nearby road from a sample site and pH indicates the sediment’s pH . Alpha
(a i) is the parameter of regression (also known as regression coefficients) for the independent
variables which quantifies the extent to of how much change in independent variables is
needed to cause an impact on the dependent variable. R square measures the goodness of fit
of the regression model analysis.
It is hypothesized that organic matter content has a positive sign as sediment metal
concentrations may increase where there is more organic matter in the sediment, income has
a positive sign, population has a positive sign due to increase in population resulting in more
pollution, and I is supposed to have a positive sign because other things remaining the equal,
increased industry concentration increase heavy metal release. Both landuse types (urban and
agriculture) are assumed to have positive impacts on metal concentrations. A site close to a
road is assumed a priori to have a positive effect on heavy metal concentrations and pH is
inversely related to metal concentration in sediments.
2.3. Geographic Information System
2.3.1 Location of Lakes
The location of lakes was obtained from the Environmental System Research
Institute’s data and map CDs that comes along with the Arc GIS 9.1 software. Information on
select lakes were collected from Louisiana Waterways
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(http://www.enlou.com/places/water.htm). After locating lakes are points, their absolute
geographic address (X and Y co-ordinates) were calculated.
2.3.2 Landuse and Landcover Information
Once the longitude and latitude of a sample site is identified, surrounding landuse and
landcover information was obtained. The landuse is classified into seven categories: agriculture,
barren, forest, urban or built- up, water, wetland and rangeland. There were no samples taken from a
site constituting rangeland so, the remaining six land use categories are used for this study. The
source of landuse classification is http://atlas.lsu.edu from where Louisiana GIS CD was used. Sites
have been classified as covered by water when these natural or man- made waterbodies were
vertically unobstructed from satellite view. To track the source of pollution in this site, close
proximity to adjacent landuse in the watershed is considered. Appendix C gives information on basis
of landuse classification as provided by the USGS office in Louisiana. The source of ecoregion with
differing soil types is STATSGO New General Soil Map. This information is used as a layer in GIS
applications. This map depicts information about soil features on or near the surface of the sample
site.
2.3.3 Point Source Industries
Number of point source industries discharging waste into these water resources was
obtained from the Environmental Protection Agency’s Basin software version 3.0 (2001).
This source consists of the facilities that have a NPDES permit from the EPA for discharging
their waste into the water resources. In relation to sample location sites, industries located
within a five mile radius were considered. Appendix B provides the details on how to
calculate the radius around each sample site to include the number of industries within five
miles.
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2.3.4 Major Roadways
Sources of major roadways were obtained from Louisiana GIS CD. Distances to major
roads from the sample sites (Interstate, US and Louisiana highways) were calculated. For this
study, one mile radius was chosen and the total length of road within the radius was
calculated.
2.3.5 Population and Per Capita Income
Population information in each parish was obtained from the Census of Population
website and per capita income information was obtained from the Bureau of Economic
Analysis website.
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CHAPTER THREE: RESULTS AND DISCUSSION
The chapter is organized as follows. In the first section, results from descriptive statistics,
correlation and regression analysis of the metals with iron is described. In the regression
analysis, results are presented for metal/Fe in both log and level versions. This is followed by the
description of a studied heavy metal along with graphs showing a 95% confidence interval for
the predicted values. Anthropogenic characteristics of the sites exceeding upper confidence
limits are described. In addition to that, multiple regression results are explained to identify the
variable impacting the heavy metal concentrations in sediments. In the final section the dataset is
compared with USGS sediment quality criteria to understand the level of toxicity associated with
the metal contaminated sites on aquatic organisms.
3.1. Descriptive Statistics
Descriptive statistics of variables used in the regression are shown in Table one. The
table gives information to compare and describe the variables used in the data set. The dataset is
assumed to be normally distributed and is analyzed using a parametric statistical procedure. In
regression of iron as an independent variable with other heavy metals as dependent variables, a
least square regression method is used to fit the regression line. Central tendency of the dataset is
explained by means or average values. Variance is measured by subtracting each value form the
mean. Standard deviation, which describes variability in the dataset, is measured as a square root
of variance. Organic matter in the dataset ranged from 0-8.5% with an average value being 3.5%.
The samples were taken from relatively acidic sites as indicated by the range of pH from 4.5 –
7.8. Most of the sites were within three kilometers from the nearby roads (state highways,
interstate or US highways). There were, in general, 27 industries in the parish where samples
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were taken. The average per capita income of residents was $22,121 and the population density
was 100 persons per square mile.
Table1: Descriptive Statistics

Variable Definition

N

Mean

Std. Dev. Minimum

Maximum

Organic Matter (%)

128

3.50

2.31

0

8.35

pH

128

6.12

0.77

4.5

7.78

Cadmium( parts per million) 128

1.36

0.75

0

4.11

Chromium

128

22.90

12.55

0.894

46.61

Cobalt

128

7.40

4.34

0.4189

26.25

Copper

128

12.37

10.53

0

72.08

Iron

128 16468.04

8551.04

370.9655

27990

Nickel

128

11.99

7.15

0.325098

28.78

Lead

128

13.32

8.92

1.120801

43.56

Zinc

128

51.12

41.08

0

249.99

Distance to Road (meters)

128

2862.30

3487.38

17.33812

16946.02

Industries in a Parish

128

27.61

24.33

0

98

Per Capita Income ($,000)

128

22.12

4.00

17.05

30.99
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3.2. Correlation Coefficient and Regression
3.2.1 Correlation between Metals and Regression with Iron
Correlation coefficient values are shown as r2 . Generally, r2 describes the proportion of
variance in common between the two metals. The result showed that most of the metals in the
study are correlated with each other.
The correlation coefficient shown in Table 2 also provides a clear indication on why Fe
may be a better normalizing metal than Al for this study. If one were to look at r2 values between
Fe and other metals, it is substantially higher than the values for Al and other metals. This seems
to be the reasoning in many studies to use certain elements or variables in a normalization
choice.
The graphical representation of regression results provides information on whether the
metal concentration in a particular area is natural or metal-enriched depending on the position of
the point relative to the regression line and prediction limits. If the site is located within the 95%
confidence interval, that is considered the baseline level. The farther away the point is from the
prediction limit, the greater the degree of metal enrichment is at that particular site. Sites located
on the borderline can only be interpreted after looking at possible sources of metal
contamination. Sampling sites with metal concentration within the 95% confidence interval are
considered non-contaminated.
The results of linear and log models for heavy metal/Fe is shown in Tables 3 and 4. Rsquare which measures the goodness of fit for each model is used as a basis for comparison. In
the linear model, R-square’s value ranged from 0.90 for Cr/Fe regression, down to its lowest
value at 0.49 for Pb/Fe. In the log model, the highest R-square of 0.95 is obtained for the models
Cr/Fe and Ni/Fe and lowest value of 0.72 for Pb/Fe and Zn/Fe.
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Table 2: Pearson Correlation Coefficient (r2 ) Values of Heavy Metals in Lake Sediments in
Louisiana
Al

Cd

Co

Cr

Cu

Fe

Ni

Pb

Al

1

Cd

0.61

1

Co

0.69

0.69

1

Cr

0.81

0.86

0.73

1

Cu

0.52

0.73

0.51

0.78

1

Fe

0.79

0.85

0.78

0.95

0.77

1

Ni

0.76

0.83

0.69

0.93

0.83

0.94

1

Pb

0.61

0.74

0.67

0.75

0.64

0.70

0.68

1

Zn

0.54

0.74

0.58

0.77

0.89

0.76

0.82

0.63

Zn

1

3.2.2 Comparison of Regression Results with Previous Studies
The results of metal/Fe in this study is compared to earlier findings in studies done in
Louisiana (Pardue et al., 1992), Florida (Schropp et al., 1992; Windom et al., 1989) and
Georgia/South Carolina (Windom et al., 1989) using metal/Al relationship based on the R-square
value. The value of R-Square for Cr/Fe in this study is 0.90, whereas in other studies it was 0.45
(Pardue et al., 1992) and 0.81 (Windom et al., 1989). Our results show a more efficient metal
normalization with Fe than the previous results with Al normalization. For the log model, our
study produced R-square value of 0.95, which is substantially higher than 0.53 (Pardue et al.,
1992) and 0.55 (Schropp et al., 1990). The higher values of R-square in our Cr/Fe or
log(Cr)/log(Fe) favors Fe normalization, at least for the case of Louisiana.
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The value of R-Square for Cd/Fe in this study was 0.73 lower than the value found by
Pardue et al. (1992) in their Cd/Al regression. Our model coefficients (both intercept and slope)
are significant as was the case similarly with Pardue et al. (1992). However, Windom et al.
(1989) had these coefficients insignificant. For the log model, our model produced an R-square
value of 0.76, which is substantially higher than 0.20 (Schropp et al., 1990) but lower than 0.81
(Pardue et al., 1992).
Our regression value of R-Square for Pb/Fe was 0.49 lower than the value found by
Pardue et al. (1992) and Windom et al. (1989). Our model coefficients (both intercept and slope)
were significant, as was the case with Pardue et al. (1992) and Windom et al. (1989). For the log
model, our model produced a resulting R-square value of 0.72 which is lower than 0.81 (Schropp
et al.,1990) and 0.87 (Pardue et al., 1992). Ultimately, we obtained a lower R-square value than
other studies, indicating that it may be possible that Pb/Al is better normalization approach than
Pb/Fe.
Metal/Fe is also plotted and shown in following figures, giving a better understanding
through visualization rather than the quantitative representations obtained from correlation and
regression analyses. The metal/Fe regression coefficients are used to obtain predicted values as
well as a 95% confidence interval for all heavy metals studied.
3.3. Environmental Protection Agency’s Priority Metals
Section 307 of the Clean Water Act classifies a list of priority pollutants for which EPA must
establish ambient water quality criteria as well as limit the release of these agents into the
nation’s waterbodies. This study focuses on metals included in EPA’s 1998 list of priority
pollutant containing 53 compounds of concern. EPA’s latest list of 31 priority pollutants includes
Cadmium, lead and mercury. Waste stream containing these metals are managed under Resource
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Conservation and Recovery Act’s hazardous waste regulations. The following section describes
the individual metals, their sources in the environment, suspected metal enriched sites, and
factors impacting the concentration.
3.3.1 Cadmium: Sources, Metal Enriched Sites, and Impacting Factors
The anthropogenic enrichment factor for total emissions of Cd is 89%, while the remaining
enrichment occurs naturally in the form of volcanoes (Walker et al., 1996). Human activities releasing
Cd in the environment are industrial use such as Cd pigments, smelting and ores, anticorrosive plating,
as anode in Ni- Cd batteries, in phosphate fertilizers, surface mine drainage and waste disposal (U.S.
EPA, 1993). Cd is both chalcophilic and associated geochemically with Zn, Pb and Cu deposits. The
oxidizing conditions of soil release Cd which also has notable mobility in acid soils.
In figure 2, there are six sites which lie above the 95% confidence interval. Three of these six
sites are located very close to the upper prediction range, while the remaining three lie distinctly above
the line. The further the sites are from upper prediction limit, the greater the degree of enrichment. So
the sites of concern in our study will be those sites distinctly above the prediction line. Table 5 shows
the descriptive characteristics, with all six sites included.
In our study Cd concentration ranges form 1-4 ppm, with the highest concentrations in Spanish
Lake near New Iberia in the Vermillion-Teche River Basin. This site is located between Lafayette and
New Iberia city. At this site, there are seventeen industries located within a five mile radius. Within five
mile of this site, there is one landfill, one trailer park and a diesel company. Detailed information about
remaining industries is not known at this point. The site is surrounded by forest and agriculture land with
an urban area in the southwest. This lake is also used for recreational purpose.
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Table 3: Regression Results of Metal/Fe for Louisiana 1

1

R2

Metal

Intercept

Slope

Cd

0.12936

0.000074 0.73

Cr

0.00291

0.00139

Cu

-3.21239

0.000947 0.59

Co

0.84387

0.00003

Ni

-1.03133

0.000791 0.89

Pb

1.24941

0.000733 0.49

Zn

-9.26683

0.00367

0.90

0.62

0.58

All the coefficients are significant at 5 % level of significance

Table 4: Regression Results of Log (Metal)/Log (Fe) Relationship for Louisiana.

Metal

Intercept

Slope

R2

Al

1.38

0.87

0.89

Cd

-6.71

0.72

0.76

Cr

-6.13

0.95

0.95

Cu

-12.6

1.53

0.87

Co

-5.61

0.78

0.88

Ni

-7.53

1.03

0.95

Pb

-5.02

0.78

0.72

Zn

-14.18

1.83

0.72
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The other two sites where Cd is out-of-range are Bayou DeLoutre near DeLoutre and Bayou DeLoutre
near Sterlington. Landuse type in the surrounding watershed in these areas is forest and agriculture. Near
Sterlington, there are eight industries located within five miles; one being a fertilizer plant. Soil type is
recent alluvium, fertile with rich organic matter content. Cd concentration at this site is 2 ppm. Distance
to major roadway is 0.1 mile with a road length within one mile radius is 3.6 miles.
We can suspect the possible sources as the urban storm water drainage as the site is located near
Sterlington city, industrial releases and more surface area of major road being present within one mile.
Bayou DeLoutre near DeLoutre has Cd concentration of 2ppm, with no industries within a 5-mile
radius. Nearest distance to major roadway is 0.1 miles with a road length within one mile being 2.3
miles in length. This site is also located in the Ouachita River Basin.
Other sites which lie beyond the 95% confidence interval, but closer to the upper
prediction range, are English Bayou, Cheniere Brake and Bayou Lacassine near Hayes. Detailed
description of these sites is given in table five.
Multiple regression results shown in Table 6 indicate that in the model, industry had a significant
effect of 0.05. The coefficient value of 0.01 indicates that, with one more industry in a given parish, Cd
concentration is likely to go up by 0.01 ppm, proving that, in this particular study, industries are causing
a major impact on the release of Cadmium in the environment.
3.3.2 Chromium: Sources, Metal Enriched Sites, and Impacting Factors
Chromium ranks as 21 st in elemental abundance. The common forms of chromium are Cr (II), Cr
(III) and Cr (VI) out of which Cr (VI) is the more toxic and the more mobile of all the forms. The basic
use of Cr in industry is in chemical, metallurgical and heat resistant forms (Barceloux, 1999). Dyes and
paints, Chrome plating, stainless steel, air conditioning coolants, engine parts, brake emission, and metal
alloys contain Cr as an important component. Other uses are drilling muds, water treatment, copy
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Figure 2: Cadmium/Iron Regression Line with 95% Prediction Limits
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Figure 3: Highest Concentration of Cd: Spanish Lake Near New Iberia
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Table 5: Description of Cd Enrichment Sites with Associated Characteristics

Site

Land use

Ind.

Road Road Cd
D.

L.

Cr Pb

*

Basin

Spanish Lake

Water

17

0.6

2

*

V-Teche

Bayou DeLoutre near

Forest

0

0.1

2.3

*

Oauchita

Agriculture 8

0.1

3.6

*

Oauchita

Cheniere Brake

Wetland

8

1.3

--

*

Bayou Lacassine near

Wetland

1

4

--

*

*

Mermentau

Wetland

12

0.2

3.7

*

*

Calcasieu

DeLoutre
Bayou DeLoutre near
Sterlington
*

Oauchita

Hayes
English Bayou
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Table 6: Multiple Regression Results of Factors Impacting Cd Concentration

Variable

Slope

p-value

Intercept

1.80

0.03

Agricultural land

-0.08

0.83

Forest

-0.01

0.98

Urban or Built- up land

-0.03

0.93

Water

-0.05

0.83

Wetland

0.02

0.93

Organic Matter

0.05

0.12

pH

-0.01

0.86

Per Capita Income

-0.03

0.18

Population

0.00

0.71

Industries

0.01

0.01*

Clay

0.18

0.59

Loam

-0.02

0.93

Road Length

0.00

0.91

R-Square

0.10
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Figure 4: Chromium/Iron Regression Line with 95% Prediction Limits
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Figure 5: Highest Concentration of Cr: Bayou Petit Anse
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machine toner, corrosion inhibitor, leather tanning and photographic chemicals. Primary release
of Cr in Louisiana is urban stormwater runoff along with sewage, and industrial effluents.
In this study, Chromium concentration ranged from 1ppm in Tangipahoa River to 46 ppm in
Bayou Petite Anse in Vermillion Teche River Basin. There are ten industries located within five mile
radius, but there is no major road located nearer than 3.5 miles at this site. Though these industries have
permits to release their waste into the waterbodies, we do not know the type and amount of waste they
release.
The other sites located outside the prediction limit are English Bayou, and Bayou Lacassine near
Hayes. English Bayou is located in Calcasieu parish. Here both Cd and Cr lie beyond the upper
prediction limit. Interstate 10 passes less than a mile from the site in the south and it is located very
close to the city of Lake Charles. There are twelve industries within five miles. Among those industries
are American International Refinery, Asphalt Company, and city of Lake Charles’ plants. Bayou
Lacassine is located near city of Lake Arthur in Cameron Parish. There is only one industry located
within five miles and the distance to any major roadway is four miles from the sample site. It is possible
that recreational activity may be associated with both chromium and cadmium releases at this site. These
metals are also transported by atmospheric winds.
Further sites of Cr enrichment include the Pearl River diversion canal and Colyell Bay as
described in table seven. Pearl River is extensively used for recreational purpose, which is a likely
source of Cr at this site. Figure 4 shows that at Cr enriched sites are not distinctly above the upper
prediction line indicating that in the sites studied, Cr enrichment is not distinctly above the baseline
level. In the figure, there is an outlier clearly located beyond the lower prediction limit. The site is
Kepler Creek Lake in Bienville Parish, with a chromium concentration of 15 ppm. No industries are
located within five miles from this site. Distance to major roadway is approximately one mile. At this
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Table 7: Description of Cr Enrichment Sites with Associated Characteristics

Site
Bayou Petit Anse

Landuse
Wetland

Ind.
10

Road D.
3.8

Road L.
--

Cr
*

Cd

Basin
V-Teche

English Bayou

Wetland

12

0.2

3.7

*

*

Calcasieu

Bayou Lacassine nr Hayes

Wetland

1

4

--

*

*

Mermentau

Pearl River DC

Forest

--

1.4

--

*

Pearl

Colyell Bay

Forest

1

0.6

1.7

*

Ponchatrain

point, the possible reason associated with low concentration could be the absence of industries within
five miles as well as being located away from urban or built- up land. The landuse type associated with
this site is water surrounded by forest land. Here, the concentration of iron is similar to other sites.
However, possible laboratory errors with the analytical procedures cannot be ruled-out at the present
time. Other sites located closer to the borderline with a lower prediction range for Cr is Anacoco Lake in
the Sabine River Basin.
Here, Ni concentrations are also below the prediction range. Organic matter content at this site is
somewhat lower. Sediment pH is 4.6, which is relatively acidic. There are no industries located within a
five miles radius. Other possible reasons could be low pH causing dissolution of Cr. However, it may
also be associated with procedural errors during laboratory analysis.
Multiple regression results on Table 8 indicate that organic matter and industries are
significant at a 0.05% level. Per capita income has a significant impact with a negative
coefficient. A negative coefficient associated with income indicates that with per capita income
rising by $1,000, Cr concentration goes down by 0.86 pm, indicating that wealthier populations
want a better environment. The coefficient associated with organic matter in the regression
model indicates that for every one percent increase in organic matter content in sediment, Cr
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concentration is likely to go up by 1.08 ppm. A positive coefficient associated with industries
indicated that with one more industry in a parish, the site is likely to have 0.17 ppm rise in Cr
concentration in sediments.
3.3.3 Copper: Sources, Metal Enriched Sites, and Impacting Factors
Copper has a wide range of applications due its desirable properties such as good electrical and
thermal conductivity, malleability, ductility, and durability. As a metal, it is used in water piping,
roofing, chemical and pharmaceutical equipments. Copper compounds, such as copper sulfate,
are used to inhibit algal growth in municipal reservoirs, swimming pools and industrial cooling
system. Industrial discharge, urban and roadways’ runoff and soil erosion are the main sources of
Cu in the lake sediments.
Table 8: Multiple Regression Results of Factors Impacting Cr Concentration
Variable

Slope

p-value

Intercept

21.3

0.13

-5.23

0.46

-0.7

0.87

1.8

0.77

-2.68

0.5

Wetland

0.73

0.86

Organic Matter

1.08

0.05*

2.4

0.11

Agricultural land
Forest
Urban or Built- up land
Water

pH
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Table 8 : (Continued).

Variable

Slope

p-value

Per Capita Income

-0.86

0.05*

0

0.82

Industries

0.17

0.01*

Clay

2.79

0.61

Loam

-1.87

0.63

Road Length

-0.32

0.67

R-Square

0.17

Population
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Average concentration of Cu was found to be 13 ppm in our study. Maximum Cu concentrations
observed were 72 ppm in the sediments of Bayou Lafourche near Lockport which is characterized by
agricultural land use. There are seven industries located within a five mile radius from the samp le
site.Though we do not have definite sources for the release of Cu from these industries, use of algicide
and cooling water discharge from the industries may have caused elevated concentration of Cu.
Louisiana Hwy 308 passes very close to the site with a road length of 5.3 miles within one mile radius.
Industries and roadway runoff may have caused copper input in the sediments.
Other sites located outside the prediction limit are Orange Grove Oil Canal, ICWW near Bourg
and Bayou Liberty. Orange Grove Oil Canal is located west of Houma, an urban area surrounded by
wetlands in the Terrebonne Basin. There is an agricultural land located within three miles from the
sample site. Cu concentration at this site is 39 ppm. There are 18 industries within a five mile distance
from the sample site. The nearest distance to major roadways is 1.1 mile. Here Ni concentration also lies
outside the prediction limit. Description of these sites is given in table nine. ICWW near Bourg has a Cu
concentration of 39 ppm. There are four industries located within a five mile radius from the sample site.
Two Exxon plants are located within three miles from the site. Another Cu-enriched site located closer
to the upper prediction limit is Bayou Liberty, located near urban land known as the city of Slidell.
Multiple regression results shown in table 10 indicate that industry is significant at
0.0001 levels. The coefficient from the regression can be inferred that with one industry increase
in the parish where sample is collected, the concentration of Cu is likely to go up 0.22 ppm. Land
use type water is significant with a negative coefficient at a 0.05% significance level. This
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Figure 6: Copper/Iron Regression Line with 95% Prediction Limits
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Figure 7: Highest Concentration of Cu and Zn: Bayou Lafourche Near Lockport
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Table 9: Description of Cu Enrichment Sites with Associated Characteristics

Site

Landuse

Ind.

Road D.

Road L.

Cu

ICWW nr Bourg

Wetland

4

1.7

0

*

Bayou Liberty (Slidell)

Urban

13

0.1

2.4

*

Orange Grove Oil Canal

Wetland

18

1.1

0

*

Bayou Lafourche nr Lockport

Agriculture 7

0.01

5.4

*

Ni

Zn

Basin

*

Terrebonne
Ponchartrain

*

Terrebonne
*

Terrebonne

shows that land use type water is associated with 6.4 ppm decrease in Cu concentration. In fact,
land use type water was found to be least polluted with Cu. Comparing Cu concentration with
different river basins, our study shows that higher concentrations ranging from 25-72 ppm is
found in the eastern river basins mainly in Barataria and Terrebonne Basins followed by
Vermilion-Teche. Barataria Basin is known as an industrial corridor (Catallo et al., 1995).
3.3.4 Nickel: Sources, Metal Enriched Sites, and Impacting Factors
Nickel is also listed among the hazardous substances thought to pose the most significant
potential threat to human health at priority superfund sites. Nickel production is mainly obtained
from sulfide ores. Wide-used application is in electroplating, Ni- Cd batteries, alloys, coins,
vehicles, magne tic tapes and computers. Ni is also used as a catalyst in petroleum refining,
hydrogenation of lipids and coal gasification. The metal enters water from dissolution of rocks
and soils, industries, atmospheric fallout and waste disposal. Ni is relatively insoluble in pH
above 6.7. Acid rain increases Ni concentration in water. Atmospheric concentration is related to
fossil fuel burning, from flying ash and from automotive exhaust.
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Table 10: Multiple Regression Results of Factors Impacting Cu Concentration

Variable

Slope

p- value

Intercept

12.00

0.28

Agricultural land

-6.30

0.27

Forest

-5.48

0.11

Urban or Built- up land

0.77

0.88

Water

-6.40

0.05*

Wetland

-4.55

0.17

Organic Matter

0.38

0.41

pH

0.91

0.45

Per Capita Income

-0.36

0.29

Population

-0.01

0.43

Industries

0.22

<.0001*

Clay

1.00

0.82

Loam

0.56

0.86

Road Length

0.06

0.93

R-Square

0.25
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In this study, the highest Ni concentration of 29 ppm is in Orange Grove Oil Canal in the
Terrebonne River Basin (figure 9). Orange Grove Oil Canal is located west of Houma, urban
area surrounded by wetlands in the Terrebonne Basin. There are 18 industries located within five
miles from the site. Agricultural land is also located close to the sample site. Tracking the
industries, we find one sewage treatment site, a mobile- home park, and a chemical company.
Detailed nature of other industries is not known.
Another elevated site of Ni concentrations is Horse Shoe Lake which is located nearby
two urban areas Bastrop (12 miles) and Monroe (20 miles). Ni concentration in this site was
found to be 23 ppm. Organic matter content is 6% which is relatively high. Coincidently, in the
Ni multiple regression model, organic matter came out to be significant. There are no industries
and roadways located within five and one mile radius from the sample location site. Being
surrounded by agricultural land, with close proximity to an urban area, non-point runoff is the
likely source at this site for elevated Ni concentrations. Table 11 gives detailed descriptions of
sites with associated characteristics.
The third site with elevated Ni concentration, Clear Lake near Start is located in a
forested area surrounded by agricultural land. This site has recent alluvial soil type rich in
organic matter content. There are two industries within a five mile distance. Distance to nearby
major roadway is 2.3 miles. Ni concentration is 25 ppm with the suspected sources being
agricultural runoff and point source industrial discharge.
In figure 8, there are two sites dis tinctly located below the 95% lower confidence level,
while one site is located closer to the borderline. The two distinct sites are Kepler Creek Lake in
Bienville Parish and Anacoco Lake in Vernon Parish. In both sites, there are no industries
located within a five miles radius. Both sites are associated with landuse type water surrounded
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Figure 8: Nickel/Iron Regression Line with 95% Prediction Limits
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Figure 9: Highest Concentration of Ni: Orange Grove Oil Canal
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Table 11: Description of Ni Enrichment Sites with Associated Characteristics

Site

Land Use

Ind.

Road D.

Road
L.

Ni

Cu

Basin

Orange Grove Oil Canal

Wetland

18

1.1

0

*

*

Terrebonne

Horse Shoe lake

Agriculture

0

3.5

0

*

Oauchita

Clear Lake nr Start

Forest

2

2.3

0

*

Oauchita

by forest land. Distance to major roadways is approximately one mile away form the sites. The
graph depicts iron concentrations similar to baseline- level concentrations. Another site located
closer to the lower prediction value is the Tangipahoa River near Lees Landing associated with
wetland. There is one industry within a five mile radius and distance to major roadways is four
miles from the sample site. Though there may be other factors associated with these outliers, it is
better to rule out the impacting factors in this study.
Multiple regression results shown in Table 12 indicate that organic matter is significant at
a 0.05% level. The positive coefficient associated with this variable indicates that with every one
percent increase in organic matter in sediments, Ni concentration is likely to go up by 0.69 ppm.
Per capita income has significant impact with a negative coefficient. A negative coefficient
associated with income indicates that, with per capita income rising by $1,000, Ni concentration
goes down by 0.63 pm. This shows better environmental quality may be desired when per capita
income of people increases. The coefficient associated with industries is also significant
indicating that with one unit increase in industries, Ni concentration is elevated by 0.12 ppm.
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Table 12: Multiple Regression Results of Factors Impacting Ni Concentration.

Variable

Slope

p-value

Intercept

15.11

0.05

Agricultural land

-2.67

0.50

Forest

-0.58

0.81

Urban or Built- up land

-0.14

0.97

Water

-1.77

0.43

Wetland

-0.59

0.80

Organic Matter

0.69

0.03*

pH

1.01

0.23

Per Capita Income

-0.63

0.01*

Population

0.00

0.36

Industries

0.12

0.0004*

Clay

0.20

0.95

Loam

-0.46

0.83

Road Length

-0.17

0.69

R-Square

0.21
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3.3.5 Lead: Sources, Metal Enriched Sites, and Impacting Factors
Majority of Pb is recovered from Sulfide ore. Softness, low melting point, corrosion
resistance, high density are desirable characteristics in this metal. Major uses releasing Pb in the
environment are Lead-acid batteries in car, ammunitions, Casting metal, paints, ceramics, cable
covering, soldiers and pipes. Leaded gasoline used to be a significant source in the past.
Sediments receive lead from industrial point sources, soil erosion, paints, vehicle exhaust and
roadways runoff.
In the Mermentau River Basin, Pb concentration ranges from 10 to 44 ppm with the
Mermentau River boasting the highest Pb concentration. According to the LDEQ report (1998),
Pb and Cu concentration at this site was elevated due to urban and storm sewer discharge. As the
river is surrounded by wetland, recreational activities along with hunting are expected in this
region. As bullets contain lead, it may release Pb into the surrounding environment. There are
two industries within a five mile radius, though the type of one industry which has a NPDES
permit is not known, the other one is an oil industry which is more likely to release Pb into the
sediments. Here, the nearest distance to a major roadway is 1.5 miles.
Other sites that lie out of ranges were Cheniere Brake and Spanish Lake near New Iberia.
Cheniere Brake is surrounded by wetlands, has eight industries nearby, and is located close to a major
city (southwest of Monroe) with boating activities which is likely to enrich the site with Pb
concentration. Spanish Lake near New Iberia is located very close Lafayette city to the west and is also
surrounded by agricultural land on north and south directions. There are 17 industries within a five mile
radius and approximately one mile road length is present from one mile radius. Point source industrial
release and location near a major city may have contributed to metal enrichment. This lake is also used
for recreational activities.
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Figure 10: Lead/Iron Regression Line with 95% Prediction Limits
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Figure 11: Highest Concentration of Pb: Mermentau River.
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Table 13: Description of Pb Enrichment Sites with Associated Characteristics.

Site

Landuse

Spanish lake

Water

Cheniere brake

Ind.

Road D.

Road L.

Pb

Cd

Basin

17

0.6

2

*

*

V-Teche

Wetland

8

1.3

--

*

*

Ouachita

Bayou Macon nr Wisner

Agriculture

1

0.6

1.5

*

Ouachita

Mermentau River

Wetland

2

1.5

--

*

Mermentau

Corney Lake

Wetland

0

0.7

1.1

*

Ouachita

The fourth site exceeding upper 95% confidence interval for lead is, Bayou Macon near
Wisner, characterized by agricultural land use for cotton and soybean production. According to a
LDEQ nonpoint report 2001, agricultural non-point source is the major culprit for water quality
deterioration at this site. There is one industry within a five mile radius. Approximately one and
half mile of road length is present within one mile from the sample location site. The Nearest
distance to major roadways is 0.6 mile. Detailed description of sites in described in Table 13.
Multiple regression results shown in Table 14 indicate that none of the variables in the
model were significant. All other heavy metal studied here had a significant positive coefficient
associated with industries. The reason for Pb not being afftected by industries may be that Pb
release in the environment used to be more from leaded gasoline – presently replaced by
unleaded fuels.
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Table 14: Multiple Regression Results of Factors Impacting Pb Concentrations

Variable

Slope

p-value

6.98

0.50

-6.11

0.25

-2.55

0.43

-3.22

0.49

0.25

0.93

0.39

0.90

0.24

0.56

0.19

0.87

0.17

0.59

-0.01

0.37

0.05

0.26

4.51

0.27

-0.43

0.88

0.25
0.11

0.66

Intercept
Agricultural land
Forest
Urban or Built- up land
Water
Wetland
Organic Matter
pH
Per Capita Income
Population
Industries
Clay
Loam
Road Length
R-Square
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3.3.6 Zinc: Sources, Metal Enriched Sites, and Impacting Factors
Zinc is the fourth most widely- used metal in the world after iron, aluminum and copper.
Many minerals contain Zinc as a major component so it is received jointly with other metal ores.
Mining, metal production facilities, corrosion of galvanized structures, fuel combustion, waste
disposal, incineration, tier wear -- all release Zn into the environment. Alloy of Zn with other
metals is used for extra strength and wrought application. Up to 60% of the Zn in urban
stormwater runoff comes from tire wear (Davis et al., 2001). In 1999, approximately 10,000 tons
of Zn was released to roadways in the United States.
The sites where Zinc lies out of range in our study are Bayou Lafourche near Lockport,
Hanson Canal, ICWW near Bourg, and Vermillion River near Abbeville. Maximum Zn
concentration of 250 ppm was observed in sediments of Bayou Lafourche near Lockport which
is dominated by an agricultural land use type. There are seven industries located within five mile
radius from the sample site. Louisiana Hwy 308 passes very close to the site with a road length
of 5.3 miles within one mile radius. Distance to major roadway is 0.01 mile away, which is the
shortest distance observed in this study. This shows that roadways are impacting the Zn
concentration in the environment. Roadways runoff along with industries are likely culprits for
Zn release.
Vermillion River near Abbeville is surrounded by urban or built- up land. Zn
concentration in this site is 131 ppm. There are seven industries located within a one- mile radius
from the sample site. Distance to nearest major roadway is 0.05 miles with road length of 8.5
miles within one mile. This is the longest length of road located within a mile in our study,
highlighting the idea that Zn originated from roadway sources.
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Figure 12: Zinc/Iron Regression Line with 95% Prediction Limits
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Table 15: Description of Zn Enric hment Sites with Associated Characteristics

Site

Landuse

ICWW near Bourg

Wetland

4

Bayou Lafourche nr Lockport

Agriculture

7

Vermillion River nr Abbeville. Urban
Hanson Canal

Agriculture

Ind. Road D.

Road L.

Cu

Zn

Basin

*

*

Terrebonne

0.01

5.4 *

*

Barataria

7

0.05

8.5

*

V-Teche

9

0.4

4

*

Terrebonne

1.7 --

The other site of Zn enrichment, Hanson Canal is surrounded by agricultural land and
wetlands. Zn concentration here was 175 ppm. There are nine industries located within five mile
radius from the sample site. Distance to nearest major roadway is 0.4 miles with road length of
3.6 miles within one mile radius. Roadway runoff and non-point agricultural discharges are
likely sources of Zn. In ICWW site near Bourg, Zn concentration was 156 ppm. There are four
industries located within one mile with two Exxon plants within three miles from the site.
Multiple regression result shown in Table 16 indicates that industries came out to be
significant at a 0.0005 level. A positive coefficient associated with industries indicated that with
one more industry in a parish, there is 0.70 ppm rise in Zn concentration in sediments.
3.4. Comparison with USGS Sediment Quality Criteria
Various sediment quality guidelines have been developed using different approaches to
assess the toxicity of chemicals present in the sediment. Each approach has its own advantages
and limitations on application. In table 17, we compare the metal concentration with the
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Table 16: Multiple Regression Results of Factors Impacting Zn Concentrations

Variable

Slope

p-value

65.09

0.16

-20.69

0.38

-14.71

0.30

-4.22

0.84

-22.40

0.09

-17.55

0.19

0.67

0.72

0.05

0.99

-1.19

0.40

-0.01

0.69

0.70

0.0005*

3.86

0.83

6.39

0.62

1.53
0.16

0.54

Intercept
Agricultural land
Forest
Urban or Built- up land
Water
Wetland
Organic Matter
pH
Per Capita Income
Population
Industries
Clay
Loam
Road Length
R-Square
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sediment quality criteria as described by United States Geological Survey to predict adverse
biological effects on benthic organisms. Though described to be applicable to estuarine
sediments, it has been observed that this guideline has been applied in deriving consensus-based
sediment quality guidelines for freshwater ecosystem (MacDonald et al., 2000).
Natural soil is the earth material closely resembling uncontaminated estuarine sediments.
Effect range low is the toxic effect range low. Metal concentration below this level is not
considered toxic because toxic effect was observed in less than 10% of studies below this
concentration (Appendix D). Sediment containing metal a level above effect range medium is
considered toxic as adverse effect occurred in more than 75% of studies in which the
concentration exceeded ERM value.
Highest concentration of Cd in our study (4 ppm) is between ERL and ERM values.
Seventy five percent of our dataset contain Cd concentration below 2 ppm while approximately
38% of the dataset contain Cd above ERL. At these sites, occasional toxic effects are likely to
occur. Highest concentration of Chromium is eve n below Effect range low. This indicates that at
the studied sites, chromium associated toxic effect is not so likely to occur. Also in our
regression result, even the maximum Cr enrichment site is located closer to upper prediction
limit of 95% confidence interval. For Cu, only four percent of the dataset contain Cu
concentration above ERL value. These sites may be associated with occasional toxic effect on
benthic organisms. For Ni also 91% of the dataset contain concentration below ERL. Seventy
five percent of the dataset contain Ni concentration below 18 ppm. Toxic effect associated with
Pb in the studied sediments seem to be a rare effect as all of the studied sites contain lead
concentration even below ERL. For Zn, seventy five percent of the dataset contain concentration

64

below 73 ppm. Out of 128 sites studied, just three sites contain Zn above 150 ppm, the ERL
value for Zn.
Overall, none of the sites studied contain metal concentration higher than the effect range
medium level. Majority of the dataset is approximately closer to or less than the ERL value.
Quantification of metal concentration, alone however is not an enough evidence of potential
toxic effect as the relationship between metal concentration and their bioavailability are not
clearly established (Burton et al., 1994).
Table 17: Comparison with USGS Sediment Quality Criteria
Heavy
Metal

USGS Standard

Present Study

Natural

Effect Range

Effect Range

Highest

Concentration

Soil

Low

Medium

Concentration below the 75th
percentile

Cadmium

0.1

1.2

9.6

4*

2

Chromium

70

81

370

47

32

Copper

30

34

270

72*

18

Nickel

50

21

50

29*

18

Lead

14

46

218

44

19

Zinc

90

150

410

250*

73

* Represents concentration above the ERL value in ppm.
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CHAPTER FOUR: SUMMARY AND CONCLUSIONS
Samples were collected from the top four inches of sediment layers in 128 sites from
eleven river basins across Louisiana for the purpose of studying the heavy metal concentrations.
Each heavy metal concentration is normalized using iron (Fe) to interpret the site of metal
enrichment. The choice of iron as a normalizing variable is dictated by its superiority against
other potential normalizers such as aluminum or organic matter. Our criterion for comparison
was correlation coefficient of Fe versus other heavy metals in sample sites. After determining
that Fe is a superior normalizing factor, we developed a regression model of heavy metal to iron
as an independent variable. Results indicated a strong relationship between Fe and heavy metal
concentrations as indicated by high R-square and significant values of parameter estimates
obtained from the regression. We predicted values of each heavy metals concentration based on
the parameter estimates obtained from metal/Fe regression models. When the predicted values
were graphed against real values, some real values for Cd, Cr, Cu, Ni, Pb, and Zn exceeded the
forecasted 95% CI limit. We, therefore, identified anthropogenic and other characteristics
associated with each site where heavy metal concentration was beyond 95% CI range. Results
indicated that Cd, Pb, Zn concentrations were enriched at six sites with three sites lying very
close to the upper prediction range. Chromium is elevated at five sites with one site close to the
borderline. Copper is distinctly enriched at four sites. Nickel is enriched at three sites. Lead is
enriched at five sites with one site lying close to upper range of 95% confidence limit. Zinc
concentration is enriched at four sites. These site characteristics were mapped in GIS to
understand whether landuse activity and presence of industries and roadways in proximity have
anything to do with elevated concentrations. Individual observations of these sites indicated a
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presence of point sources, agricultural and/or urban runoff to be the suspected cause of said
metal enrichment.
In addition to this qualitative approach, we used a multiple regression method to find the
important factor and their quantitative impacts on heavy metal concentration. In our multiple
regression models, we used land use, industries, roadways, pH, sediment textures and organic
matter concentrations as explanatory variables. Multiple regression results indicated that the
presence of industry is significant for Cd, Cr, Cu, Ni and Zn. Lead did not come out significantly
with any of the independent variables regressed. For Cu landuse type water is significant with a
negative coefficient. Chromium and Nickel concentrations are significant with organic matter
content, consistent with the results from the literature (Valsecchi et al., 1995). Nickel and
Chromium concentrations were significant with a negative coefficient with per capita income.
This indicates that as income rises people are more concerned about heavy metal concentrations
in sediments and, hence, like to reduce pollutants. Significance of the variables with heavy
metals studied indicates these variables are important in determining factors responsible for
metal enrichment. Though in our study the metal enriched sites were seen to be located in close
proximity to urban and agricultural land use type; however, none of these variables are
significant at a 0.05 level.
This study represents an efficient way of interpreting environmental data for planning and
management decisions. Therefore, it can serve as a tool to promote cost-effective and timesaving approaches to conduct bioessays and other toxicity tests.
There are few caveats associated with this study. First, accuracy of analytical results
should be confirmed before determining the sites of metal enrichments as an outlier can also
result from procedural errors. Second, the regression relationship could have been established

67

stronger had we had a time series cross-section data of each location in this study. Third, because
of the spatial nature of the data, a spatial regression model would have been better than the linear
regression model. Still these results can be seen as a starting point for future research to
effectively discern the relationship, with the intention of establishing landuse/landcover changes
to heavy metal concentrations. The most efficient way to reduce heavy metal release in the
environment is to reduce emissions from sources associated with anthropogenic activities which,
in-turn, may cause non-point discharge. In this study, the largest contributors to heavy metal
concentrations still seem to be industry sources along with local landuse activities. At this point
in this research we exactly do not know which heavy metal these industries release. It is hard to
point out what industry should be shut down or what metal sho uld be regulated in a stringent
manner.
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LIST OF ABBREVIATIONS

Cd
Cr
Cu
Ni
Pb
Zn
ERL
ERM
POTW
ppm
Road D.
Road L.

Cadmium
Chromium
Copper
Nickel
Lead
Zinc
Effect Range Low
Effect Range Medium
Publicly Owned Treatment
Works
Parts Per Million
Road Distance
Road Length
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APPENDIX A. SAS PROGRAM USED FOR STATISTICAL ANALYSIS
dm "log;clear;output;clear";
proc import datafile="c:\suniti\thesis_feb 12_final.xls" out=suniti replace;
/*importing file from EXCEl */
run;
data new;
set suniti;
if fe >35000 then delete;
if landuse="Agriculture" then dummy1=1; else dummy1=0;
if landuse='Barren Land' then dummy2=1; else dummy2=0;
if landuse='Forest Land' then dummy3=1; else dummy3=0;
if landuse='Urban or Built-Up Land' then dummy4=1; else dummy4=0;
if landuse='Water' then dummy5=1; else dummy5=0;
if landuse='Wetland' then dummy6=1; else dummy6=0;
if texture1='c' or texture1='sic'
then clay=1;
else clay=0;
if texture1='ls' or texture1='s' or texture1='sand'
then sand=1;
else sand=0;
if texture1='fsl' or texture1='l' or texture1='sicl' or texture1='sil'
or texture1='sl'
or texture1='vfsl'
then loam=1;
else loam=0;
pci=pci/1000;
pci2=pci* pci;
pop=pop/surface_area;
If as le 0 then as=0.1;
if barium le 0 then barium=0.1;
If ca le 0 then ca=0.1;
if cd le 0 then cd=0.1;
If cu le 0 then cu=0.1;
if k le 0 then k=0.1;
If mg le 0 then mg=0.1;
if mo le 0 then mo=0.1;
If na le 0 then na=0.1;
if p le 0 then p=0.1;
If se le 0 then se=0.1;
if si le 0 then si=0.1;
if zn le 0 then zn=0.1;
al=log(al);
as=log(as);
barium=log(barium);
ca=log(ca);
cd=log(cd);
co=log(co);
cr=log(cr);
cu=log(cu);
fe=log(fe);
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k=log(k);
mg=log(mg);
mn=log(mn);
mo=log(mo);
na=log(na);
ni=log(ni);
p=log(p);
pb=log(pb);
s=log(s);
se=log(se);
si=log(si);
zn=log(zn);
feni=fe/ni;
feal=fe/al;
keep
al as barium ca
cd
co
cr
cu
fe
k
mg
mn
mo
na
ni
p
pb
s
se
si
zn
landuse dummy1 dummy2 dummy3 dummy4 dummy5 dummy6 texture1 sand
clay loam om_per ph pci
pci2 pop toxic indus parish surface_area;
file 'c:\observation128.dat';
put al as barium ca
cd
co
cr
cu
fe
k
mg
mn
mo
na
ni
p
pb
s
se
si
zn
landuse dummy1 dummy2 dummy3 dummy4 dummy5 dummy6 texture1 texture sand
clay loam om_per ph pci
pci2 pop soil toxic indus parish surface_area;
run;
proc gplot;
plot Cu*Fe;
run;
proc gplot;
plot Zn*Fe;
run;
proc gplot;
plot Ni*Fe;
run;
proc gplot;
plot Cd*Fe;
run;
proc gplot;
plot Cr*Fe;
run;
proc gplot;
plot pb*Fe;
run;
proc gplot;
plot Co*Fe;
run;
symbol1 value=star cv=black ; /* scatterplot */
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symbol2 ci=red;
/* reg line */
symbol3 ci=blue; symbol4 ci=blue; /* ci lines */
symbol5 ci=green; symbol6 ci=green; /* pi lines */
legend1 label=none value=(height=0.7 font=swiss)
position=(bottom right inside);
proc reg data=new;
model cd=fe / alpha=.05 noprint;
plot cd*fe / conf pred
legend=legend1
nostat nomodel;
run;
proc reg data=new;
model al=fe;
output out=suniti_al predicted=pred L95M=lower U95M=upper;
run;
data newal;
set suniti_al;
keep pred lower upper al;
file 'c:\suniti\al.dat';
put al pred lower upper;
run;
proc reg data=new;
model as=fe;
output out=suniti_as predicted=pred L95M=lower U95M=upper;
run;
data newas;
set suniti_as;
keep pred lower upper as;
file 'c:\suniti\as.dat';
put as pred lower upper;
run;
proc reg data=new;
model barium=fe;
output out=suniti_ba predicted=pred L95M=lower U95M=upper;
run;
data newba;
set suniti_ba;
keep pred lower upper ba;
file 'c:\suniti\ba.dat';
put ba pred lower upper;
run;
proc reg data=new;
model ca=fe;
output out=suniti_ca predicted=pred L95M=lower U95M=upper;
run;
data newca;
set suniti_ca;
keep pred lower upper ca;
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file 'c:\suniti\ca.dat';
put ca pred lower upper;
run;
proc reg data=new;
model cd=fe;
output out=suniti_cd predicted=pred L95M=lower U95M=upper;
run;
data newcd;
set suniti_cd;
keep pred lower upper cd;
file 'c:\suniti\cd.dat';
put cd pred lower upper;
run;
proc reg data=new;
model cr=fe;
output out=suniti_cr predicted=pred L95M=lower U95M=upper;
run;
data newcr;
set suniti_cr;
keep pred lower upper cr;
file 'c:\suniti\cr.dat';
put cr pred lower upper;
run;

proc reg data=new;
model cu=fe;
output out=suniti_cu predicted=pred L95M=lower U95M=upper;
run;
data newcu;
set suniti_cu;
keep pred lower upper cu;
file 'c:\suniti\cu.dat';
put cu pred lower upper;
run;
proc reg data=new;
model co=fe;
output out=suniti_co predicted=pred L95M=lower U95M=upper;
run;
data newco;
set suniti_co;
keep pred lower upper co;
file 'c:\suniti\co.dat';
put co pred lower upper;
run;
proc reg data=new;
model k=fe;
output out=suniti_k predicted=pred L95M=lower U95M=upper;
run;
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data newk;
set suniti_k;
keep pred lower upper k;
file 'c:\suniti\k.dat';
put k pred lower upper;
run;
proc reg data=new;
model mg=fe;
output out=suniti_mg predicted=pred L95M=lower U95M=upper;
run;
data newmg;
set suniti_mg;
keep pred lower upper mg;
file 'c:\suniti\mg.dat';
put mg pred lower upper;
run;
proc reg data=new;
model mn=fe;
output out=suniti_mn predicted=pred L95M=lower U95M=upper;
run;
data newmn;
set suniti_mn;
keep pred lower upper mn;
file 'c:\suniti\mn.dat';
put mn pred lower upper;
run;
proc reg data=new;
model mn=fe;
output out=suniti_mn predicted=pred L95M=lower U95M=upper;
run;
data newmn;
set suniti_mn;
keep pred lower upper mn;
file 'c:\suniti\mn.dat';
put mn pred lower upper;
run;
proc reg data=new;
model mo=fe;
output out=suniti_mo predicted=pred L95M=lower U95M=upper;
run;
data newmo;
set suniti_mo;
keep pred lower upper mo;
file 'c:\suniti\mo.dat';
put mo pred lower upper;
run;
proc reg data=new;
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model na=fe;
output out=suniti_na predicted=pred L95M=lower U95M=upper;
run;
data newna;
set suniti_na;
keep pred lower upper na;
file 'c:\suniti\na.dat';
put na pred lower upper;
run;
proc reg data=new;
model ni=fe;
output out=suniti_ni predicted=pred L95M=lower U95M=upper;
run;
data newni;
set suniti_ni;
keep pred lower upper ni;
file 'c:\suniti\ni.dat';
put ni pred lower upper;
run;
proc reg data=new;
model p=fe;
output out=suniti_p predicted=pred L95M=lower U95M=upper;
run;
run;
proc reg data=new;
model pb=fe;
output out=suniti_pb predicted=pred L95M=lower U95M=upper;
run;
data newpb;
set suniti_pb;
keep pred lower upper pb;
file 'c:\suniti\pb.dat';
put pb pred lower upper;
run;
proc reg data=new;
model s=fe;
output out=suniti_s predicted=pred L95M=lower U95M=upper;
run;
data news;
set suniti_s;
keep pred lower upper s;
file 'c:\suniti\s.dat';
put s pred lower upper;
run;
proc reg data=new;
model si=fe;
output out=suniti_si predicted=pred L95M=lower U95M=upper;
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run;
data newsi;
set suniti_si;
keep pred lower upper si;
file 'c:\suniti\si.dat';
put si pred lower upper;
run;
proc reg data=new;
model se=fe;
output out=suniti_se predicted=pred L95M=lower U95M=upper;
run;
data newse;
set suniti_se;
keep pred lower upper se;
file 'c:\suniti\se.dat';
put se pred lower upper;
run;
proc reg data=new;
model zn=fe;
output out=suniti_zn predicted=pred L95M=lower U95M=upper;
run;
data newmn;
set suniti_zn;
keep pred lower upper zn;
file 'c:\suniti\zn.dat';
put zn pred lower upper;
run;

data onlytoprint;
set new;
keep mg landuse parish indus pop pci;
proc print;
run;
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APPENDIX B: MAKING A FIVE MILE RADIUS AROUND A POINT SOURCE
1. Choose Multiple Ring Buffer in Arc Map analysis tools. (1)
2. Input the lake features to buffer at multiple rings to locate whether there are roads within
certain radius or if there are industries at certain radius (2)
3. input the name of the output product, for example, variable_buffer.shp (3)
4. Input distances to buffer (4). Put one value at one time and click

(5) to add this value,

type another value, click
and continue putting buffer values you wish you include
5. Your window will look as in 6 in the diagram
6. Click OK and see the results.
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APPENDIX C: LAND USE CLASSIFICATION (USGS)
Source: A Land Use And Land Cover Classification System For Use With Remote Sensor Data,
By JAMES R. ANDERSON, ERNEST E. HARDY, JOHN T. ROACH, and RICHARD E.
WITMER, Geological Survey Professional Paper 964, A revision of the land use classification
system as presented in U.S. Geological Survey Circular 671
Source: http://atlas.lsu.edu/. Louisiana GIS CD
Forest: Composed primarily of the upper story crown canopy levels; primarily overlapping
crowns with occasionally intermixed and apparent openings in the upper story canopy levels
providing intermittent views of lower canopies or open spaces of woody, non-woody vegetation
or other image features. Crown canopy levels positions such as dominate, co-dominate and/or
intermediate in singular, combination or aggregate occurrences make up the mosaic of canopy
levels possibly apparent in the imagery.
Adequate drainage conditions however, can be altered by anthropogenic activities.
Agriculture- General category made-up of diverse land cover and land use features. Some woody
and herbaceous vegetation present, include experimental plots, plant nurseries, yards, driveways,
roads, right of ways, row and cover crops consist of various grain crops, cotton, sweet potatoes,
soy beans and gardens. Fields that have been tilled or
untilled and with exposed or partially exposed soil.
Urban areas are of two types: vegetated urban and non-vegetated urban.
Vegetated Urban - Consisting primarily of fringing suburbs and built- up areas of metropolitan
communities containing sufficient coverages of woody and non-woody vegetation to include
urban features (such as buildings, roads and developed areas).
Metropolitan communities consist primarily of cities, towns, and other urban centers that are
covered or dominated by woody or non-woody vegetation. Woody or non-woody vegetation is
comprised mostly of forest, shrub/scrub or herbaceous plants. Examples
could be pine plantations, orchard, golf courses, pasture, lawns, gardens, parks, plant nurseries,
courtyards, decorative shrubbery, abandoned lots containing a variety of vegetation, cemeteries
and other possible occurrences of vege tation.
Non-Vegetated Urban - Composed mainly of man- made structures and associated disturbances.
The occurrence of vegetation is negligible because of the highly reflective nature and extent of
areal coverage of most anthropogenic structures and disturbances.
Most areas represented by this category consists of highly developed or commercial areas such
as the central business district, transportation corridors and associated development strips,
manufacturing and industrial facilities, institutional structures (schools, universities, military and
correctional installations).
Wetland Barren - Consists primarily of exposed areas that are inundated
annually and located or associated primarily in flood plain or river basins, streams, lakes, ponds
and impound ments. Exposed areas are un-vegetated but may consist of woody or herbaceous
plants. Some areas consist of active or inactive gravel or burrow pits and spoil piles in or
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adjacent to flood plains. Poorly drained, conditions have been altered by anthropogenic activities
such as levees, revetments, dikes, dredging, canals, ditches, spoil piles and so forth.
Barren - Consisting primarily of exposed areas that are not inundated annually and are not
located in flood plains or river basins, streams, lakes, ponds and impoundments.
Water - Open water surfaces are representative (natural or man- made structures) of rivers,
streams, canals, ditches, lakes, reservoirs, and ponds which are unobstructed from viewvertically. Some aquaculture ponds are included in the water classification. Mapped hydrologic
features from the U.S. Geological Survey, National Mapping Division, 1:100,000 Digital Line
Graph were used to represent and classify open water surfaces that were obstructed from satellite
(vertical) view and not imaged and classified by routine image processing procedures.
Range land: Rangeland historically has been defined as land where the potential natural
vegetation is predominantly grasses, grasslike plants, forbs, or shrubs and where natural
herbivory was an important influence in its pre-civilization state. Management techniques which
associate soil, water, and forage- vegetation resources are more suitable for rangeland
management than are practices generally used in managing pastureland. Some rangelands have
been or may be seeded to introduced or domesticated plant species.
Most of the rangelands in the United States are in the western range, the area to the west of an
irregular north-south line that cuts through the Dakotas, Nebraska, Kansas, Oklahoma, and
Texas. Rangelands also are found in certain places historically not included in the western range,
such as the Flint Hills, the Southeastern States, and Alaska. The historical connotation of
Rangeland is expanded in this classification to include those areas in the Eastern States which
commonly are called brushlands. The Level II categories of Rangeland are: Herbaceous Range,
Shrub and Brush Rangeland, and Mixed Rangeland.
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APPENDIX D: USGS ALERT RANGE TABLE

Lake Pontchartrain Basin: Bottom Sediments and Related Environmental
Resources

Table 8. Alert range table.
[This table provides ranges of contaminant concentrations (in µg/g) that
have been used to predict adverse biological effects on estuarine bottom
organisms. "ERL" and "ERM" are two guideline values which delineate
three concentration ranges for each chemical. Adverse effects on
organisms are rarely observed when concentrations fall below the ERL
value. Concentrations between the ERL and ERM values represent a range
within which effects will occasionally occur. And toxic effects are
frequently observed in the range of concentrations above the ERM (Long
and others, 1995). This table also provides other reference ranges as stated
in the notes.]
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SQG SQG
2
2
Natural
Element
1
Soil
ERL ERM
3

4

Low
High
alert
alert
5
5, 6
level level

Notes
1. Natural soils are taken

Ag

0.05

1

3.7

0.02

10

3.7

Al

71000

NA NA 7000

100000

As

6

8.2

0.5

70

B

20

5

150

Ba

500

Be

0.4

Ca 7

15000

NA NA 2000

100000

0.1

1.2

9.6

Co

8

NA NA 0.5

120

Cr

70

81

370

4

370

Cu

30

34

270

2

270

Fe

40000

NA NA 2000

100000

Hg

0.06

0.15

0.71

K

14000

NA NA 1000

40000

Mg

5000

NA NA 2000

40000

Mo

1.2

Na

5000

NA NA 3000

50000

Ni

50

20.9

50

800

NA NA 200

25000

Pb

14

46.7

2

218

S

700

300

30000

Sb

1

0.2

15

Se

0.4

0.05

6

Sn

2.2

0.2

25

Si

330000

Tl

0.2

0.05

3

U

2

0.5

10

Cd

P

9

8

70

NA NA 50
0.1

9.6

0.04

0.71 0.01

0.5

51.6 3

218

2.

1000
6

3.

4.
18

5.

NA NA 10000 480000
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as the earth materials
most closely
resembling
uncontaminated
estuarine sediments
(from Bowen, 1979).
Sediment Quality
Guidelines (SQG) for
bulk sediment
elemental
concentrations.
ERL refers to Toxic
Effects-Range Low,
from Long and others
(1995, 1998). Below
this level is not
considered toxic, since
adverse effects to
organisms occurred in
less than 10% of
studies in which
concentrations fell
below the respective
ERL values.
ERM refers to Toxic
Effects-Range
Medium, from Long
and others, (1995,
1998). Above this level
is considered toxic,
since adverse effects
to organisms occurred
in more than 75% of
studies in which
concentrations
exceeded the
respective ERM
values.
Refers to concentration
range limits normally
found in natural,
uncontaminated
sediments, based on
standard geochemical
reference publications
(Wedepohl, 1978, and
Bowen, 1979), and
range found in Atlantic
continental shelf drill

V

90

Zn

90

Corg

20000

150

410

5

350

5

410

1000

50000

6.

Norg

2000

200

5000

7.

8.

9.
10.

continental shelf drill
cores (Manheim and
Commeau, 1981, and
Commeau and
Manheim, 1981).
Estimated sediment
screening values from
USEPA (1996), Table
A-2. Many of these
values are the same as
ERM values.
Approximate screening
values for elements not
given in USEPA (1996)
are estimated from
upper 10 percentile of
NOAA NS&T national
sediment monitoring
data set (Cantillo, A.,
NOAA NS&T Program
Sediment Chemistry
Data, ASCII files,
unpub. data).
Does not include
carbonate-rich
environments in south
Florida.
Value for
uncontaminated
Mississippi Delta
sediments (Presley
and others, 1998).
Does not include
sediment from
phosphorite rich areas.
NA = these elements
are not toxic even at
high concentrations

Back to Analytical Methods
U.S. Department of the Interior, U.S. Geological Survey
URL: http://pubs.usgs.gov/prof/p1634j/html/fm_range.htm
Maintained by Eastern Publications Group
Last modified: 10:22:04 Mon 01 Jul 2002
Privacy statement | General disclaimer | Accessibility
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APPENDIX E: MAPS SHOWING THE DISTRIBUTION OF METAL
CONCENTRATION IN SEDIMENTS IN LOUISIANA
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